Objectives. This is a retrospective review of 15 patients with primary and secondary aneurysms of extracranial carotid arteries treated surgically and endoluminally over 20 years in one centre. Patients and methods. Fifteen aneurysms of extracranial carotid arteries were noticed in the same number of patients: five atherosclerotic, two after previous carotid surgery, six post-traumatic, one inflammatory, one of unknown etiology. All of them were symptomatic. Results. In the group treated surgically some complications occurred in the perioperative time: one haematoma, two transient neurological deficits, one fatal stroke. In the endovascular group of patients no complications occurred after the treatment. One fatal stroke occurred during operation-the patient died on the 43rd postoperative day due to respiratory insufficiency. Two other deaths occurred during the follow-up: one caused by myocardial infarction 10 years after the aneurysm resection, and the second due to a fatal stroke 3 years after aneurysmorraphy. One patient refused treatment and died 9 months after being diagnosed. Conclusion. Neurological deficits in patients after neck injuries should arouse the suspicion of the presence of a carotid artery aneurysm. Open repair remains the method of choice in treating carotid artery aneurysms but endovascular procedures create the possibility of treating extracranial aneurysms in selected cases when open surgery is not recommended.
Extracranial carotid aneurysms are rare and most commonly due to atherosclerosis. 1, 2 Other contributing factors to aneurysm formation include trauma, vessel wall dissection, previous endarterectomy, infection, fibromuscular dysplasia, neck irradiation and some other infrequently reported cases such as neurofibromatosis, Marfan's syndrome, Behçet's syndrome and Takayasu's arteritis. 3, 4 Haemorrhage from a spontaneous rupture is rare, 5 in most cases involving bifurcation of the common carotid artery (CCA) and the internal carotid artery (ICA). The spontaneous progression of an aneurysm is associated with the high risk of neurological complications. Prevention of thrombo-embolic events is the main indication for surgical treatment. Surgical procedures involve aneurysmorraphy, resection with end-to-end anastomosis or grafting, ligation of ICA or extracranial-intracranial bypass. Recently, the exclusion of an aneurysm with the use of a stent-graft has been reported. We present a review of a single centre series of extracranial carotid aneurysms observed during the last 20 years.
Patients and Methods
From 1983 to 2003, 15 patients presented with extracranial carotid aneurysms at our clinic. Twelve of them underwent aneurysm repair, which was 1.25% of all 960 aneurysms, both aortic and peripheral, treated during this period. Twelve cases occurred in men and three in women. The mean age was 51.5 years (range from 30 to 70 years). Twelve aneurysms were located in ICA; three of them also involved CCA. The patient and aneurysm characteristics are given in Table 1 .
The primary to secondary aneurysm ratio was 5:10. In five cases aneurysms were of atherosclerotic origin-primary aneurysms. Two patients had pseudoaneurysms after previous endarterectomy. In one patient the diagnosed aneurysm appeared due to recurrent tonsillitis. Six other patients had posttraumatic pseudoaneurysms; two of them had a history of a car accident, one was stab-wounded 2 years previously and one had a central venous cannulation on the neck in the past. Two patients presented with dissecting aneurysms. Both of them were located at the base of the skull. In one patient, the aneurysm was found during operation of ICA kinking.
All patients were symptomatic. Seven patients presented with a mass in the neck; six of them were pulsatile. The major clinical manifestations were of neurological type ( Table 1 ). The patient with recurrent tonsillitis was transferred from the ENT ward after the incision of the peripharyngeal space, which caused massive pharyngorrhagia.
The diagnosis was established on the basis of duplex ultrasonography in 13 cases, angio magnetic resonance imaging (MRI) in five cases, and spiral CT in three cases. Arteriography was performed in all but two emergency cases (patients 3 and 5). In one case (patient 13) the arteriography and the earlier ultrasonography did not reveal the presence of the aneurysm, which was found later during the operation.
Nine aneurysms were treated surgically from the standard approach. Four procedures were performed under local anaesthesia and five under a combination of local and general anaesthesia. Table 2 presents the treatment of the aneurysms in details. The time of carotid clamping ranged from eight to 63 min. No intraluminal shunting was used in any patient, because there were no neurological symptoms after carotid clamping. Five aneurysms were resected. In two patients it was possible to suture both artery ends together, while in two other cases a vein graft and a polytetrafluoroethylene (PTFE) prosthesis were used and in the remaining case the ICA wall was sutured. Three patients underwent aneurysmorraphy, one of which was followed by a closure with a PTFE patch because the excision of artery wall was too extensive. In patient 6, there was an absence of blood flow in the ICA above the anastomosis, and the ICA was ligated.
Patient 13 had the ICA shortened with ICA-CCA end-to-side anastomosis due to its kinking. Then the aneurysm was excluded from circulation with a vascular clip placed on its neck ( Fig. 1 ). Three patients underwent endovascular aneurysm repair. All procedures were performed under local anaesthesia. Patients received 5000 units of heparin intravenously.
In patient 10, the pseudoaneurysm was located behind the angle of the jaw and there was ICA stenosis distal to the aneurysm. A Jostent 8!38 mm 2 stentgraft was implanted through the right common femoral artery (RCFA) access. Patient 11 had ICA stenosis proximal to the pseudoaneurysm following a previous endarterectomy. The aneurysm was excluded from circulation with a Jostent 7!38 stent-graft ( Fig. 2) .
Patient 12 had a history of an unsuccessful attempt at surgical aneurysm repair in another hospital. A 10! 50 Wallgraft stent-graft was introduced through the 
Results
Detailed results are presented in Table 2 .
No intraoperative deaths occurred. At present 11 of 15 patients are in follow-up with the longest follow-up period being 16 years. In four surgically treated cases, some complications were noticed. In the perioperative time one patient underwent reoperation due to a haematoma and two others suffered transient neurological deficits. Patient 8 had a fatal stroke during the operation and stayed in coma until death from respiratory insufficiency on the 43rd postoperative day. Three other deaths were reported in follow-upone from myocardial infarction 10 years after the aneurysm repair and two from a fatal stroke, one of which occurred 3 years after the operation and the other 9 months after the diagnosis (in the patient who had refused the treatment proposed).
In patients who underwent endovascular treatment no complications were observed and the mortality to date has been zero in this group.
Patient 15 is awaiting a surgical procedure after two unsuccessful attempts at endovascular repair-the guidewire could not pass the aneurysm (Fig. 3) . The procedure will be performed in co-operation with an otoloaryngologist and a neurosurgeon. The patient was treated with anticoagulants. At present the operation is not possible due to myocardial infarction in July this year. Two patients did not agree to the surgical treatment proposed and were treated conservatively with anticoagulants.
Discussion
Because of their rarity, aneurysms of extracranial carotid arteries sometimes remain unrecognised, especially in the absence of neurological symptoms. Carotid aneurysms presenting as a mass in the otopharynx or neck may be mistaken for an inflammatory or neoplastic lesion of a tonsil, peritonsillar abscess, laryngopathy or neck tumour. 6, 7 Pulsation of the neck may be weakened or even absent in a saccular aneurysm that is calcified, full of thrombus or communicates via a long stalk or has a narrow ostium. 8 Only six of 15 patients in our group had a pulsatile mass in the neck.
Several authors have indicated that a large number of cervical ICA aneurysms first present as an embolic stroke. 9 In five of our patients a previous stroke was the first sign of an aneurysm. Amirjamshidi et al. 10 suggested that the presence of cranial nerve deficits like dysphagia, tongue deviation and Horner's syndrome need careful investigation to reveal a vascular lesion. In our series we observed a positive Horner's sign as the only symptom of a dissecting aneurysm in a woman who had undergone several spine manipulations by a masseur for chronic neck pain. Peters 11 described a similar case of a patient who presented with a dissecting carotid aneurysm after several spine manipulations by a chiropractor.
Duplex ultrasound scan, though the simplest noninvasive investigation, should not be the sole diagnostic method. It may fail if the aneurysm is small and located in the distal ICA at the base of the skull. A CT scan and MRI with contrast enhancement may be very helpful in finding the correct diagnosis. Arteriography remains the gold standard to assess the extent and collateral flow of the aneurysm or the extension of thrombus. 12 Rosset et al. 5 suggested investigating systematically, with the use of arteriography or angio CT, all patients who are suspected of having traumatic Open surgery is generally accepted as a preferred manner of treating patients with extracranial carotid aneurysms. The main indication for surgery is the prevention of permanent neurological deficits arising from thrombo-embolic events. Some authors reported 71% mortality in non-operated aneurysms and an unacceptable stroke risk as high as 50%. 6, 12, 13 One of our patients who refused surgical treatment died from a fatal stroke 9 months after the diagnosis of atherosclerotic ICA aneurysm.
Ligation is another possible method of treating ICA aneurysms. Sir Astley Cooper 14 was the first to ligate an ICA aneurysm successfully in 1808. However, a literature review by McCann 1 showed a stroke risk of 25% and a mortality rate of 20% in the follow-up of ICA ligature. In our group ligation of the ICA was performed in only one case due to the absence of blood flow distally to the performed anastomosis following two failed attempts at embolectomy. Skau et al. 15 recommend reconstruction of the artery in every case, even if the aneurysm is located at the base of the skull.
The choice of a particular operative procedure is determined by the aneurysm size, location and aetiology. Aneurysmorraphy is often possible in saccular aneurysms with patch angioplasty in some cases. Several authors support the use of saphenous vein due to a 10% incidence of infection in cases of synthetic patch closure. For most fusiform and certain saccular aneurysms resection is required with end-toend anastomosis or with the use of saphenous vein or a prosthetic graft especially in atherosclerotic aneurysms. 6, 8, [16] [17] [18] [19] Extracranial-intracranial by-pass grafts are also used but this technique is very difficult and rarely performed. 20 Valentine 21 recommends complete excision to minimize the risk of aneurysm recurrence while others advocate the avoidance of extensive resection of the posterior wall, which reduces the risk of injury to the cranial nerves. 16 In our group all surgical techniques were used except anerysmorraphy with a vein patch and extracranial-intracranial bypass ( Table 2) .
Surgical repair has been shown to be effective with a combined mortality/major stroke rate between 4 and 9% 5, 16 and the incidence of postoperative dysfunction of cranial nerves reaching up to 44%. 5 This fact has led some authors to consider less invasive therapies such as coil embolization, implantation of uncovered stents and stent-grafts. 22, 23 Some recent reports have advocated the use of endovascular therapy as an alternative. 4, 22, 24 We decided to use the available stent-grafts for carotid aneurysm repair as an elective treatment in three cases. In patient 10, the implantation of a Jostent allowed for simultaneous exclusion of the aneurysm and dilation of the stenosed ICA above the aneurysm. Patient 11 had contralateral ICA occlusion. Moreover, he had a history of earlier endarterectomy and presented with severe stenosis of the ICA proximal to the aneurysm. Bilateral iliac occlusion enforced direct access from the CCA. In patient 12, on account of the difference in the diameter of the CCA and ICA a Wallgraft prosthesis was used. In the superficial location of the aneurysm self-expandable stent-grafts are recommended to avoid collapsing or deforming of the prosthesis. 25, 26 Constant progress in the surgical reconstruction of carotid arteries as well as diagnostic imaging refinements have improved the operative results for the repair of extracranial artery aneurysms. Routine diagnostic examinations in patients after neck injuries may allow for earlier detection and treatment of aneurysms before the appearance of neurological deficits. The endovascular technique with the use of stent-grafts is promising but limited and should be employed only after a through comparison to conventional surgical treatments.
